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Abstract
A me ast m m entca mpaign nin Mal町Sia wi thco mbined m ea stu e ments ofspectrala er os olopdcalthickn ess, sky
brightn ess a nd do wn- w ellingfhxesha v ebe en carried otztin the197 forest むe seas onin Sotlh-East As ia. T he
m ain m easqredpara m etershav ebee n u s
'
ed forthe deriv atio n of the m血 clim BLte-r elev a nt aer osolpa m m et rs
bytileC m A T R Aappr oa ch(CotlP ed hv ersionRadiatio nTra nsfer), W iththis a押rO a Ch phas efuzICtlO nS, r e al
partofrefTractlVeinde x andsingle s caLtteringal bedo ofthehaz ehasbee ndete mi ed.
1. htr odu ctio n
Biom assbu mingin for mof large forestfiresisbeside the other ecologicalco n sequ e n ces o n e of the global
s ources ofatm osphericpoll血 o n･ Especially. bio m assbu minglS a皿 a[Ppre Ciable aer os ols ot m :e, the 3･ stro ngest
so urce a丘er o ce anic and min eralaeros ols･ Upto30 %of th iskind ofpoll血o nis ass u m edtobe ofzn an m ade
originl (Hz
'
dy l& Wolf19 9 5)･ Gen erallysotu ces of u ch dime nsionshav ediGer eⅡtimpa cts o n clim aLteby:
a) changesinthe regio n alradiation bala n cebythein cre asedturbidib,,
b) cllangeSin the clotld for m ationbythein crease of the C C N withi11･the ha z e,
Thepreser[t aeros ol m odelsfor radiativ etr an sfer ca 血1atio n as w ell for clim 出e m odeling(e.g. W= P-55, ) 983,
dAlm eida etal･ 1 991, G A D S(Glob al Aero soI Data Set), c･f. Ko epke etall , 19 9 7)asfo r solvingre m ote s en sing
tasksdo notincld e any para m etersfo rthis speci丘cゆpe ofaerosol , pro血c ed bybiozn assbt ming processes.
One c anonlyreferto co m m oJIPOllutio n m odels, which do n otconsiderthe specialc o ndido ns of thefoleSt 血e･
ha zel T hereforein re m ote sen slng appr oache s ad10min a血g soot co mpon e血 wiih an absorptioninthe u vis
asstlm ed, c･f･ Hs u etal･ , 1 9 9 6, He pm m etall 1 9 9 7, Ka uP an et al･ , I9 9 2. Herethelogari thmic ratiobetw e en
the observ edr adian ce rado oftw o lⅣ W av ele ngth a ndthe radial?e ratio derived &om a m odelatm o印hereis
tLSed as an aeros ol index u sing the fa ct, that the aeros ol abs orpt10 n redllCCin the radia n ce at the top ofthe
Etm O印herethe c o ntributio ns as w ellof the sc atter edlightby the aLtm OSPhere由 the sllrfa cc refl ctan ce.
Di免ren ces resd 血g丘om differentaeros olsiz edistribtltio nshav ebe en n eglected.
The clim ateimpactbythe for est丘reha2X:, e spe ciallythe radiatIV e effctis prodtlCed bythephysic o- chemical
properties of the po11utaT[tS and their radiativ epropcrdesin the dtr aviolet, visible and i血 ed range ofthe
in cidents olar radla血 n ･ Fr o mthispointof vie w olleaim of theglobalclim ate rese arch a ctivitieshastobe the
determin atio n ofthe main 血 m ate-relevant opbcalaer osolproperties of the forest 丘rehaz e, tl S ed in clim ate
research 皿d s atellite re m ote sen singニ SpeCtfalopticalthl血 1eSS8^ (九), phasefun ction pA (0) and single
scatteringal bedo oA (九)bec au sethe clim atic effectof thebio m assbu miJlgis n otonly an absorptio n effe ct and
the sc attering par( changesthe plan etary albedo to ol Thereforethe s血 atio nQfsu ch large forest 血eslikein
So uth-East As ia in a utt - 1997 ha v ebe en an opp rtun itytO Stdythis effects and c o mplete the h owiedge
aboIJt the cha m cteristicpar am eters of forestfir esforthe tlSein radiabv etra nsfercalcdations and to estim a[te
the e飽 cto nthe r adiatio n丘eld.
FortlllSPllrPOSe m eaSu re m e ntSin the So uth･East- As ia 皿haze regio nin kindofatask forcehasbeen prepaLred･
In a veryshort tl me wi hthe 丘 m cial 瓢 pPOrtOf the Ger m anM inistry of E dllCation and R8S ea mh(B M B F)aLnd
thec ooper ation ofthe M Anysian Mete orolgical Servic e a short ter m m e asure m e ntc 皿 1palgn in M alaysiahas
bee ninstalled, to obtain the min clim ate･r elev ant radiatlV e a ero solpar am etersby a clost m appro a ch of
differentradiaitio n m ea suI･e m e r[tS.
The appro ach inthis Ca皿palgn andRrstresults ofthe radiative aeros olcharacteristicswi ll beprese nted hthis
paper,toglV ebaseforthe co n slderat10 n Of hazeeffectsin radlatlV etr ansfer o n a exp rim e ntalv alidated bas e.
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2. M e astlr e m eTLtC 姐 1paJgn alld Ⅱa2 CSib atioTI
The m e asure m etTtC a mpaign to ok place丘o m1l･ ･24･ October 1997･ The site w as a;t the m eteor ol gicalstat10n
Suba ng Airport of the M ala.ysian M eteo rol gicalservice(3･117 N, 10 1･6 E)n e arKt1ala Lu mptFin M alaysia･
T he w e血 er sittHtio nhasbee ndete min ed by theinter m o n so ontl m e, wi ths otlh-e a sterly winds, s othaLt the
sifu at10 ntherein Malayslahasbee n aGe cted byforest 丘rehaz e丘o mlo ng r ange tr an sportsI Ba ck trajectory
calcd 血o nslet ide血中 Rresin s otIhe m K alim antaJl aS respon sible for the haze in this tl me･ ･ The
in stru m e ntatio n tユSedc o nsits of:
･ differe ntgro md basedladoim etersforthedeter min atio n ofthe data, n e c es s aryforthe determin ation ofthe
m al
L
n clim ate･relev aEtOpticala er osolpar a m etersbythe Cn A T R Aap pro a cll(Co tIPled hv ersio nR A diaLdo n
T RAn sfer), c.f. We ndischl& v on Hoyninge n- Hu ef2e, 1 94:
1. spectral opticalthick11 飴S8A (九)by the spectral radio m eterASP with 8 0calibraled chan n els
betwee n0.35and1,= 皿 ,
2. skyb righhessh tw o cha nnels(0,56and 0.i7叩1 W aV elengdl)bythe sky sc anin the alm n c aTLtar
in 24angdar stepsbetw e en3aLndl$O degree at clotld 丘ee c ondltio n s, the partbetw e en3 and 1 5
degre ehas ahigher resollldo n andis llS ed forthe atlreOl brightn ess,
3. id egralshort- w a v edo Ⅵ l
- W ellingf hx m e asu red wi tha c o m m o n s olarim eter
4
. spectral do wn- welling伽 xill13spe ctralcha n n elsbetw ee nO･365and 1022LL n wi tha fi1terwheel
radiometerS PA･1(Sc加Iz＼& Partn er),
･ niter s a mpling syste m with aCyclo neinletfor c olle cting aer osols a mples ofthe sub
- micro nfraction and a
later chemic alanalysisin c ooperat10nwiththeln stitute of Tropospheric Resea rch Le ipzg,
･ standard m eteor olgical data fro m radio soJlde and trajectory calcdations for the inform atio n abotlt haz e
high1a nd origin of theha z e.
3. ReslJts ofthe CaJnPalgTL
Untiln o wthe r esults co n sist of the determin血 o n of optical aero sol para m eters of the haz e situ atio nin
M alaysia ableto usein radiativ etran sfer calcdaLtio ns.
T he opdcal data(spectralaerosolopticalthickn ess, n o r m aliz ed gkyb righheSSfun ctio n a nd the htegral do wn-
w ellingAu x)ha v ebee71 tu ed untiln o wforthe dete millatio n ofthe clim ate r elev a ntopticalaero solpara m eters
withthe C n u T R Aappr oa chto deriv ethe other clin a;te -r elev a血 aeros olpara m eters as aeros olphas efun ct10n
and bro adbandsingle sc atteringalbedo.
3
.I. Ae r os ol Optical T hickn es s a nd TtlrbidityPa r a m et r
T he spectralaeros ol ptical th ickn ess8A(九)has beendetermin ed 丘o m the spectr alopticalthickne ss8(九) of
the su nphoto m eter m eastlre m entS by eli min a血gthe Rayleigh sc attering a ndthe c o ntri bution s of o zo n e a nd
w ater v apo r.
In al 1cases ofsu cc essfu lm ea stlre m er[tS Slightlyct m ed decreasiⅠlg Spe Ctralslopeswi thin m sing w av el ngth
hav ebee n obtain ed. Intheblue andthe UV thedecrea se w as s m allerth nin the redand NIR. Fig. 1prese nts
thed aily av erages of 血e spe ctrala er osoloptical thickn ess. On e c an se e, thatthe spectral beha-vior ofthe optlCal
thickn essis n e arly stabile and is chaLr a Cteristic forthe haze. Only the inten sib, of the hal:ehas changed
dependlng O nthetraje ctories, c r o s sl ng m ore Orless stro ngsou rce reglOn S Ofthebio m a ssbu rnhg･ This c uJV ed
spectral behav lOllrwith alo w er spe ctral decreas eh thebhe and 1Ⅳ als o co ntribtlteStO a r e血 c ed r adla n CC at
thetop ofatm osp】lCre CO mPared withthe c oLrLm O n ass u mptio n ofthe v alidity ofthe Angstr6m po w erla win the
whole spectralr ange･ T his redllCt10 n rrlu Stn otbe associated o nly wi than a er osolabs orptio n aS aS 凱1 m ed in the
m e ntlOn edabov e s atellite r etriev als,ithasits ongln aS W ellin abs orptio n asalsoin the s catterlng.
Nev erthelessthepreserltedspectrahav e n ota nide alpo w erlaw 8^(九)- β 九‾
α
,
the Angstr6m ttlrbidi申
para m eters α ,thes ocalledsiz ecoefrlCie nto r spectralslope andβ, thetu rbidltyCO efBcier[t, whichisthe
a er osoloptic althickness ata w a velength of IpJn, hav ebe endetermin ed, Fig. 2 pr es eT[tS theturbidity
c oeffic entsdu n ngtile m eas ure m e ntC a mpaign. W itho utless ex c eptions(ifthe m e asllrem e ntSha vebee n
disturbed byre alclolユds)the(x-valu e v ariesbetw ee nO.7 and 0.9 with an av er age of⊂1 ≡ 0.79 ±0. l land has
bee n a chara cteristics ofthefore stfireha ze.
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Fig. 1
Spectralaeros oloptlC al 血ickness of thefor estfireha ze aLtStlb ang Airport(En alaLtl mpu r)in October1 997.
T heturbidity c oefncie ntP changesfro m day to day par a m eterdepe nding o nthe cr ossed sbtuc eregio n at
Kalim atan･ Its r an芦eis 丘o mO･3 5` β 2･31 At the 24･ Oct･ e v e nhigher v alu eshav ebee n m ea std (4.0), butit
w astln S u r ethatitlSaPt m ha ze e飴 ct.
W ithsu ch ha ze c ondito n s
, c ompar able with a thin clotld, s o m edifBctllticsforthe m ea str e mc nts ha v ebeen
conne cted:the cor[t astbetw e e ns undisk a nd sky w as so w eak, that n o alltO m adc stlh s eeking progr am ca nbe
tlSed･ The s unposit10 nhastobepoir[tedat丑rst m aI血 Iy a nd thepointlnghasbee n m adeby an electrom echnic
paral1actic stlnfollo w er･ So m etim esthepoiltingc ould be made五rst ats un el v ation s of hi 20
o
bec aus e of
missingSlladdo wforthepointiIlg.
The height ofthe haz elayerhasbe endete mined 如 m aircra丑 pilot 6bs erv ation sfr o mStlbang alrPOrL T he
upperle velofthehaze has bee n obser v ed betw ee n2aTld2
･
5 km (60 0 - 7 50a)･ Thislayeris respo nsiblefor
the opticalcharacteristicsfo undinthis calq algn･
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Fig. 2
AtlgStr6m ttFbiditypara m etersforthe m e astlr e m e ni campaign atStlba ng Airpo r=Kuala Lu mpu r)d ming the
forest五re seaso nin October19 9 7in South-East-Asia
3.2. Closu r eswiththeSkyBrightn e ssM e astlre m entS
Whilethe spectralopticalthlCkness m e as ure m e nts ca nbe ltlade als o atpartlyclo udysky, ifla rge e n ollgh clo ud
holes are existing･ the skybrightn ess m e asure ments require atotally clotld &e e skyforthe azim utalsc an of the
skyirLthe alm uc a ntarpla ne(s a m e elev atlO n aSthe su n)I Fro mtl一e m eaS ure m e ntS the n o rm alizedskyb rightIleSS
fun ctionisdeterlnizled:
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p
sb'(o) = L(0)/∫7tL(0)sin e dO
O
This n or m ali2ation苧iv es a stabile angular止ghtscattering characteristics ofthe atm osphere(aer osolsc attering,
Rayleighsc atteringln ChlSiv e m ロ1tiple s cattering)independe nt of thein min atio n a nd the s u n ele v atlO n. げ th is
measnrem e nts are m adill SPeCtr alcharLnels. wheretlleRayleighsc allerinBis w eak(N m), alm ost the aer osol
characteristics C anbe see n･ T his n orm alizedskybrightn essfun ctiontogetherwith the spectral aer osol ptic al
thickn ess areinputdataforthe CI R A T R Aappro ach.
The n or m alized skyb rightn essfun c丘o ngiv esfor c on st孤1 op也c al co ndition sforal1m ea stlre m e ntS the sam e
functio n if the n o rmal ization c o nditio ns c anbe Adfilled(htegr atio nbetw ee n0 a nd T一. T hlS reqtlires a n
extrapolation of
､the m e aヲured radlanC edata &o m the minim alsc attering angle m e astlr ed(ar o und3
o
)to O
o
a nd
from the m e asllred m axl m t m S C attering a ngle(180 - 2 h. , ho - s olar ele v血o n)to 18 0
o
.
The problem s o cctF
witllhigher s olar elev ation s(ho ≧ 30
D
),ifthelargestln e aSt 肌d sc attering angleis tinder120
o
- the miniTntlln
ofthe aer osolphas efun ctlO n a ndthein crea se of thephasefun cdo nto sc atte 血g anglesto w ard 180
o
c a n n otbe
Ltted fro mthe m e asu red data . T her eforethe determin 且t10 n Of the n or mal iz ed sky brighbleSS血IICtiotlis
restn ctedto m e asure m er[ts at st17t elev a血 n sh. ≦ 30
o
. T he n o maliz ed skybdghtn ess血n ctio ns arepresented
together with tlle res ults of the CIR A T RA appr o ach inflg1 3･
Tlle applic atio n of the CIR A T R Aap pro acll allo w sto dete mine the main optlCal clim aLte-r ele v ant aer osol
paraln eterS: aer osolphas efun ctlO n, C Olulttn ar Sizedistributio n, r e alpart of the re丘achv eilldex･ In a丘rststep
allcalculat10 nShav ebe en m ade withoIIt an aSStl mptionforthe a er osolabs orpdon, be cat娼8the I10r m ahz atio n of
theskybrightn essfun ction r e m ov esthe single sc attering albedp. T he res ults pfthe appro a ch areprese nted in
丘B. 3.
Forallm easurements Mie the oryc ould be applied. This
､
s anindicatorforthe sphericityofthe particles･ T his
maybe callSed by eitherdomin ants m allparticle, wherethis differe n cephys n o role orbythehighhumi diす,
which leadsto a w aterdepositio n o nthehaz eparticles.
T he obtain ed 陀 alparts ofthe refra cdv einde x m v arybetw een m
≡ 13 7and1.55 wi tha n av erage ofm
≡
1.45. Thehigher v alu es o cGu rナifthe rel由 vehmidi甘isdecre as ed( .g. atafte m o o n m e asu re m e Ⅱts). In the
m oming m e astlr e m e ntSthehighrelaLtlV ehlmi dityde creaseth r血 cdv einde x･ This re触 Gtiv einde xis 皿tlCh
low ertha n e xpected. bec aq sethe m ain asst1 Ⅲptio n w as ahighs ootc onter[t within the forestfir eha ze一 T his
low er re缶a ctiveinde xle adto the c on cln sioll, thatthetl 正 e O v erMalaysla, C O n e S丘om relatlVe C O mplete
b ming processes and co ntain sless so ottha n e xpe cted,
Thephasefun ctio nsforthe m ostcases of the combin ed m e asllre m entS are S1mi 1ar, e x c epto n e sittntionin the
aAe mo o n ofthe10. Oct. 97. T his w asthe only m ore
`dry
'
situ aLtio n, h allo也er c ases･the relativ ehu mi dity
w as abov e80 %. T he asym ln etrypara m eters,derived a
.
om the aeros olphasefun ction shav e an a ver ag ofg =
0.69士0.02 ,
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Fig. 3
Results of the c o mbin ed ln eaS ure m e ntS Ofspectral a er os ol ptic al th ickness(abov e, le且) a nd skyb rightn ess
a)elo w, lea)forthe clim ate十r elev a nt aeros lpar am eters, c ol廿 皿 Si2:edistributio n(abov e, right) andphase
fun ctio n(belo w, nghi)
3.3. SingleSc &ttering Al bedo
ln a se co nd stepthe single scattering albedo wi llbe 血r odu ced again bythefln x c oITelatio n. Herethedo w n-
w elling flu xesbetw een m easu re m e nts and calc ulatio nshav ebeen llSed fo rthe deter m in ation ofthe single
scatering albedo with theflux correlatlOn method, elf. yo n Hoyningen- Hu e n e et all , 1996, y o nHoynL
l
17gen-
Hu e n e et a[･ 1 9 98. The c alculations ofthe do w n-w ellingfln xesforthe m ea stlr e m e nt tim es tlS e也e obtain ed
resdts ofthe CIR A TRA appro ach, which hasbee n m ade 丘rst withotlC O nSider atio n ofthe aer osolabs orptio n.
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In thebroadband flt u calculation s w E[ter V aporis co n sidered wi th istspe 血 aloptlCallth i 血ess obtain ed wi dl
EITR A N 92 oJlthe base ofthe U Stropicalatm osphere. the 瓦IT R A N 92resdts have bee n s caled with the
m eastlred w aiter V aLPOr Opticalthicknessin the chan lleof 0.941皿 . T hese c alcdated bro ad-band fln x es are
perm 皿 e nthigherthan the m easu red o nes. be c allSethydo notcontain the a eros olabsq)tioI1･ The rcdts･of
th is extended CIR AT RA ap pro ach forthedata of theforestb ehaze lSpr eSer(ted in 瓜g. 4.
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Fig. 4
Fl取 C OrrelaLtio nbetw e en m eas ured a且d calcdated do w n- w ellingfl1 ⅨeSwi ththe restllting br oad-band si ngle
scatteringal bedo of thehal:e
AlsothlS reSdtis c o nfo rm wi ththe restJlts to the re alpart ofthe re&a ctlV eindex. T he obtain ed bro ad
-band
slngle s catteringal bedo ofthehaz eis wi tho)｡
- 0.90･ , ･ 0･91 highertan e xpe cted, irah1ghs ootco nte ntshod d
be characteris也c.
4. Co ndtLSio n s
The ln eaSu re m enl c ampaign gav e r adiationdata forthe forest firehaz ein the atlu m n1997aJld ar e a
coJltribtlt10ntO thedevelopm eTItOfaradiatlVe m odel fortheforestfirehaze･ T he spectr aloptlCal th ickn essgav e
a co nsISterltCharacteristics ov erthe whole m ea sprement campaign. alsothe obtain ed phasefun ct10 nS withthe
CIR ATR Aapproach･ From these data it see m sto be. that tlle a ero solabsorptio nin the haz e w aslo w erthan
expected,the realpartofthe re舟a ctiv eindex and thesingle scattering albedo obtain edar eindicationsforthis･
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